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Recommendations

Major Recommendations
ACR Appropriateness Criteria®

Clinical Condition: High-Dose-Rate Brachytherapy for Prostate Cancer

Variant 1: 60-year-old man, stage T3b, Gleason score 7, adenocarcinoma. PSA 12 ng/mL, 65 cc prostate, 80% of biopsy cores were positive.
There was perineural invasion and seminal vesicle invasion. Patient had TURP 5 years ago with IPSS 10/35. Patient agreed to have hormonal
therapy and decided to undergo HDR brachytherapy boost.

Treatment Rating Comments

EBRT 45 Gy + HDR brachytherapy
5.5–6.5 Gy x 3

7  

EBRT 45 Gy + HDR brachytherapy 8–
11.5 Gy x 2

8 The panel felt the 2-fraction regimen has the best supporting evidence
for this patient, who has a history of TURP and SV invasion.

EBRT 45 Gy + HDR brachytherapy
13–15 Gy x 1

5  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the table are listed at the end of the "Major Recommendations" field.

Variant 2: 50-year-old man, stage T1c, Gleason score 3/3 adenocarcinoma. PSA 8 ng/mL, 60 cc prostate, 5% of biopsy cores were positive,



negative diagnostic workup. Patient decided to undergo HDR monotherapy.

Treatment Rating Comments

HDR Monotherapy 9.5 Gy x 4 7 Although there is a trend toward more hypofractionated monotherapy
regimens, the panel felt the more fractionated regimens have a longer
follow-up and stronger evidence for routine use.

HDR Monotherapy 10.5 Gy x 3 5  

HDR Monotherapy 13.5 Gy x 2 5  

HDR Monotherapy 19 Gy x 1 3  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the table are listed at the end of the "Major Recommendations" field.

Variant 3: 50-year-old man with history of low-risk prostate cancer treated with 78 Gy with IMRT 5 years ago, now developed local recurrence.
GS 7, PSA 5 ng/mL, PSA doubling time of 12 months, 30 cc prostate, 5% of biopsy cores were positive, negative diagnostic workup.

Treatment Rating Comments

Hormonal therapy 5 The panel felt a definitive approach was more appropriate in this
young patient.

Prostatectomy 6  

Cryotherapy 6  

Salvage Radiotherapy Modality

LDR Brachytherapy 6  

HDR Brachytherapy 6  

Rating Scale: 1,2,3 Usually not appropriate; 4,5,6 May be appropriate; 7,8,9 Usually appropriate

Note: Abbreviations used in the table are listed at the end of the "Major Recommendations" field.

Summary of Literature Review

Introduction/Background

Over the last 2 decades, significant technical advancements have improved the delivery of prostate brachytherapy. The transrectal ultrasound-
guided implant technique is the backbone of modern prostate brachytherapy. Whether it is permanent or temporary, i.e., low-dose-rate (LDR) or
high-dose-rate (HDR), respectively, both use similar image-guided techniques for inserting seed-bearing needles or afterloading catheters. This
image-guided implant technique has improved the quality and reproducibility of prostate brachytherapy. In HDR brachytherapy, a computer-
programmed remote afterloader is used to insert the radioactive source into the patient. This has several important practical advantages: (1) it is a
reusable radioactive source, (2) there is no radiation exposure for hospital personnel, and (3) it offers flexible dosimetry. Our understanding of the
radiobiology of hypofractionation, however, has changed the clinical application of HDR brachytherapy.

Early HDR prostate brachytherapy studies used brachytherapy in conjunction with external beam radiotherapy (EBRT). The rationale behind this
approach was to take advantage of brachytherapy's dosimetry but use conventionally fractionated EBRT to counterbalance the potentially negative
radiobiologic effect of hypofractionation. Dr. Brenner's 1999 seminal paper on prostate cancer radiobiology suggested that the prostate's alpha-
beta ratio was much lower than previously believed. This initiated a paradigm shift in the way we think about fractionation for prostate cancer. It
also affected clinical trial design for both EBRT and brachytherapy.

Clinical Results of High-Dose-Rate Prostate Brachytherapy Boost

HDR prostate implants have been used as a boost in conjunction with EBRT. Typically, this involves 4 to 5 weeks (40–50 Gy) of EBRT treatment
with one or more implants, which are sandwiched between, before or after EBRT. The older series used more implants (3 implants) compared
with more recent series (1 implant). Older series also used more fractions (4 fractions) of HDR treatment compared with recent series (1 fraction).



Researchers from the William Beaumont Hospital reported on the first dose-escalation trial that used HDR brachytherapy as a boost. Multiple
updates of these results have implemented dose escalation using increasingly larger fractions of HDR treatment, ranging from 5.5–6.5 Gy x 3 to
8.25–11.5 Gy x 2, combined with 46 Gy of EBRT. They have shown acceptable toxicity levels using 11.5 Gy x 2 treatments. Patients with
prostate-specific antigen (PSA) levels ≥10, T ≥T2b, and Gleason scores ≥7 were selected for the trial. Despite a high frequency of poor
prognostic factors, the actuarial biochemical control rate was 74% at 5 years using the American Society for Radiation Oncology definition. The 5-
year actuarial rates of local failure and distant metastasis were 8% and 6%, respectively.

The RTOG® (0321) reported the only prospective, multi-institutional phase II trial in HDR brachytherapy. It reported this study after achieving
adequate follow-up for its primary endpoint. In the study, a combination of EBRT of 45 Gy in 25 fractions, in combination with HDR
brachytherapy of 19 Gy in 2 fractions, was used to treat patients with locally confined stage T1c-T3b prostate cancer. The estimated rate of late
grade 3 or greater genitourinary and gastrointestinal toxicity at 18 months was 2.56%.

The most recent hypofractionation HDR boost trial established that the HDR boost can be given as a single fraction of 15 Gy in combination with
hypofractionated EBRT of 37.5 Gy in 15 fractions. The full course of treatment was completed in 3 weeks. With a relatively short median follow-
up of 1.14 years, the grade 3 genitourinary and gastrointestinal toxicity rate was 1.6%. A post hoc comparison of this trial with their own
experience of EBRT 45 Gy and HDR boost of 10 Gy x 2 was done. Based on a median follow-up of the single fraction trial at 45 months, it
reported similar efficacy and toxicity between the 2 regimens.

Patients selected for the combination treatment are generally those at intermediate-to-high risk who may benefit from dose escalation. Lower-risk
patients, however, can also be treated with this approach. The potential advantage of HDR's delivery technology is demonstrated in difficult clinical
cases, such as for patients who have (1) very large prostates, (2) extracapsular extension, and (3) post-transurethral resection of prostate (TURP).
An HDR boost can be used to treat patients with very large prostates, including patients with prostates >60 cc. Because the afterloading catheter
can be placed in the prostate's periphery, HDR brachytherapy can be used to treat patients who have extracapsular extensions and seminal vesicle
invasion. Patients with prior TURP can be the most challenging cases for prostate brachytherapy; however, HDR brachytherapy has been shown
to be successful in that setting.

HDR boost has also compared favorably against EBRT alone. From the only reported prospective randomized HDR trial, researchers reported on
220 patients, randomized to EBRT alone 55 Gy/20 fractions or external radiotherapy of 35.75 Gy/13 fractions and HDR boost of 17 Gy/2
fractions. At a median follow-up of 30 months, there was significant improvement in biochemical relapse-free survival favoring the HDR boost
group. There was also a lower incidence of acute rectal symptoms favoring the HDR boost group. The HDR boost group had a significantly better
Functional Assessment of Cancer Therapy–Prostate score at 12 weeks. This trial was the first evidence of clinical benefit by dose escalation using
HDR brachytherapy as compared to external beam boost. Unlike the result of dose escalation using EBRT, there was actually less toxicity with the
HDR boost. One can reasonably conclude that the improved efficacy observed in these studies was due to the benefit of dose escalation in the
brachytherapy arm. Similar gains in efficacy may be achieved using other dose-escalating EBRT techniques; however, the lack of increase or
decrease in toxicity observed in the higher dose arm is unique to HDR brachytherapy. The results of this trial suggest that HDR brachytherapy
boost may possibly be advantageous for dose escalation in prostate cancer (see Variant 1, above).

High-Dose-Rate Monotherapy

There had been interest in developing HDR monotherapy for patients with early-stage prostate cancer due to the technical advantages already
listed. However, the large number of fractions required to deliver the full dose without EBRT created challenges for both the patient and physician.
More fractions meant a longer hospital stay or more implant procedures. During multifractionated HDR treatment, catheter migration could cause
degradation of dosimetry. Various institutes had developed solutions to address this issue; however, these solutions had limitations and required a
significant amount of extra effort. Further exploration of hypofractionation is needed to determine a way to lower the number of fractions.

Clinical Results of High-Dose-Rate Monotherapy

Multiple studies have demonstrated the feasibility of this approach. One research group reported their results on patients treated with HDR
monotherapy. The patient population included those with T1-T4 tumors. Higher-stage tumors were treated with adjuvant hormonal therapy and a
higher implant dose. A total of 112 patients were treated with 8 to 9 twice-daily fractions of 6 Gy over 5 days. With a median follow-up of 5.4
years, the 5-year clinical local control rate was 97%, and the biochemical relapse-free rate was 83%. The late grade 3 toxicity reported was 3%.

Investigators reported on the initial results from their ongoing prospective phase II monotherapy trial. Selection criteria included Gleason scores
≤7, PSA ≤10, and T ≤T2a. All patients were treated with 4 twice-daily fractions of 9.5 Gy over 2 days. Forty-one patients were treated per
protocol, and all tolerated the treatment well.

Another prospective phase II monotherapy trial was conducted at Mount Vernon Cancer Center. Three dose levels were tested: 8.5 Gy x 4, 9 Gy
x 4, and 10.5 x 3. At a 6-month follow-up, 2 patients showed grade 3 bladder toxicity, 1 patient from each of the last 2 dose regimens. Early



results suggest an excellent biochemical response and no difference in the acute and late toxicity between the 3 regimens.

Researchers reported on an ongoing prospective HDR monotherapy trial delivering 2 HDR fractions with 1 implant. At a minimum follow-up of 6
months, 93 patients with a T stage ≤T2b, Gleason score 6–7 (3+4), and PSA ≤12 were treated with 2 different twice-daily fractionations of 12
Gy x 2 or 13.5 x 2 Gy. With a median follow-up of 17 months, there was no grade 3 toxicity; however 1 patient had grade 4 rectal bleeding.

The largest series of HDR monotherapy has been reported. A combined experience of 2 centers, the series included 298 early-stage prostate
cancer patients treated with HDR monotherapy and had a median follow-up time of 5.2 years. The groups were treated with 7 Gy x 6 and 9.5 Gy
x 4. The 5- and 8-year biochemical control was 95% with 3% grade 3 genitourinary toxicity and <1% gastrointestinal toxicity.

More recently, authors reported the first single-fraction HDR monotherapy in which 40 consecutive patients who had favorable localized prostate
cancer were treated with 19 Gy in single fraction. The authors used a transperineal injection of hyaluronic acid into perirectal fat to increase the
distance between the prostate and rectum prior to the treatment.

Results showed no genitourinary or gastrointestinal toxicity of grade 2 or greater with a median follow-up of 19 months. This study represents the
most hypofractionated brachytherapy for prostate cancer. The limited toxicity report from their preliminary experience is very encouraging for this
approach.

Ongoing HDR monotherapy trials suggest that hypofractionated HDR brachytherapy is safe and effective. Future studies are likely to continue to
push toward fewer highly hypofractionated treatments. These studies could help make HDR monotherapy more accurate and convenient for
patients (see Variant 2, above).

Salvage High-Dose-Rate Brachytherapy

Patients with locally-recurrent prostate cancer following radiotherapy represent a special clinical challenge. Salvage surgical series using aggressive
local therapy have demonstrated durable remission with a 5-year biochemical control range of 47% to 82%. Salvage surgery in this setting,
however, is generally considered technically challenging and has a significant risk of toxicities, including urinary incontinence (0%–100%), strictures
(0%–48%), and rectal injury (0%–19%). Alternative local salvage therapies, such as cryotherapy and high-intensity focused ultrasound, have also
shown promising results with a 5-year biochemical control range from 50% to 95%. As with the surgical approach, there is significant risk of
toxicities, including urinary incontinence (4.4%–73%), urinary retention (0%–67%), and fistula (0%–3%). It is important to point out that there is
no prospective comparative study of these treatments, and the published results vary greatly depending on patient selection.

LDR brachytherapy has been used to re-irradiate prostates previously treated with full-dose radiotherapy. In a series with longer follow-ups, a 5-
year biochemical control rate of 34% to 64.5% and grade 3+ toxicity of 0% to 47% was reported. Investigators also performed HDR salvage
brachytherapy in 21 consecutive patients treated with 36 Gy in 6 fractions using 2 implants. With a median follow-up of 18.7 months, the
biochemical control rate was 89% with 14% grade 3 toxicity. The literature on salvage brachytherapy has shown encouraging results, and LDR
brachytherapy is being tested in a prospective RTOG study (see Variant 3, above).

Summary

In this article, the authors have reviewed the most common applications of HDR brachytherapy for prostate cancer.
A review of the literature indicates a growing interest in shorter, more hypofractionated HDR approaches.
Although the evidence for efficacy and safety of these hypofractionated treatments are better established in HDR boost, it is just beginning to
emerge for HDR monotherapy.
The ongoing prospective studies and updates on earlier studies will eventually settle these debates and establish the most efficient
fractionation regimen.

Abbreviations

EBRT, external beam radiotherapy
GS, Gleason score
HDR, high-dose-rate
IMRT, intensity-modulated radiation therapy
IPSS, International Prostate Symptom Score
LDR, low-dose-rate
PSA, prostate-specific antigen
SV, seminal vesicle
TURP, transurethral resection of prostate



Clinical Algorithm(s)
Algorithms were not developed from criteria guidelines.

Scope

Disease/Condition(s)
Prostate cancer

Guideline Category
Treatment

Clinical Specialty
Oncology

Radiation Oncology

Radiology

Surgery

Urology

Intended Users
Health Plans

Hospitals

Managed Care Organizations

Physicians

Utilization Management

Guideline Objective(s)
To evaluate the appropriateness of high-dose-rate brachytherapy and other treatment procedures for prostate cancer

Target Population
Patients with prostate cancer

Interventions and Practices Considered
1. External beam radiation therapy (EBRT) + high-dose-rate (HDR) brachytherapy
2. HDR monotherapy
3. Hormonal therapy
4. Prostatectomy



5. Cryotherapy
6. Salvage radiotherapy modality

Low-dose-rate (LDR) brachytherapy
HDR brachytherapy

Major Outcomes Considered
Genitourinary and gastrointestinal toxicity
Biochemical relapse-free survival
5-year clinical local control rate
5- and 8-year biochemical control rate

Methodology

Methods Used to Collect/Select the Evidence
Searches of Electronic Databases

Description of Methods Used to Collect/Select the Evidence
Literature Search Procedure

Staff will search in PubMed only for peer reviewed medical literature for routine searches. Any article or guideline may be used by the author in the
narrative but those materials may have been identified outside of the routine literature search process.

The Medline literature search is based on keywords provided by the topic author. The two general classes of keywords are those related to the
condition (e.g., ankle pain, fever) and those that describe the diagnostic or therapeutic intervention of interest (e.g., mammography, MRI).

The search terms and parameters are manipulated to produce the most relevant, current evidence to address the American College of Radiology
Appropriateness Criteria (ACR AC) topic being reviewed or developed. Combining the clinical conditions and diagnostic modalities or therapeutic
procedures narrows the search to be relevant to the topic. Exploding the term "diagnostic imaging" captures relevant results for diagnostic topics.

The following criteria/limits are used in the searches.

1. Articles that have abstracts available and are concerned with humans.
2. Restrict the search to the year prior to the last topic update or in some cases the author of the topic may specify which year range to use in

the search. For new topics, the year range is restricted to the last 10 years unless the topic author provides other instructions.
3. May restrict the search to Adults only or Pediatrics only.
4. Articles consisting of only summaries or case reports are often excluded from final results.

The search strategy may be revised to improve the output as needed.

Number of Source Documents
The total number of source documents identified as the result of the literature search is not known.

Methods Used to Assess the Quality and Strength of the Evidence
Weighting According to a Rating Scheme (Scheme Given)

Rating Scheme for the Strength of the Evidence



Strength of Evidence Key

Category 1 - The conclusions of the study are valid and strongly supported by study design, analysis and results.

Category 2 - The conclusions of the study are likely valid, but study design does not permit certainty.

Category 3 - The conclusions of the study may be valid but the evidence supporting the conclusions is inconclusive or equivocal.

Category 4 - The conclusions of the study may not be valid because the evidence may not be reliable given the study design or analysis.

Methods Used to Analyze the Evidence
Systematic Review with Evidence Tables

Description of the Methods Used to Analyze the Evidence
The topic author drafts or revises the narrative text summarizing the evidence found in the literature. American College of Radiology (ACR) staff
draft an evidence table based on the analysis of the selected literature. These tables rate the strength of the evidence (study quality) for each article
included in the narrative text.

The expert panel reviews the narrative text, evidence table, and the supporting literature for each of the topic-variant combinations and assigns an
appropriateness rating for each procedure listed in the table. Each individual panel member assigns a rating based on his/her interpretation of the
available evidence.

More information about the evidence table development process can be found in the ACR Appropriateness Criteria® Evidence Table
Development document (see the "Availability of Companion Documents" field).

Methods Used to Formulate the Recommendations
Expert Consensus (Delphi)

Description of Methods Used to Formulate the Recommendations
Rating Appropriateness

The appropriateness ratings for each of the procedures included in the Appropriateness Criteria topics are determined using a modified Delphi
methodology. A series of surveys are conducted to elicit each panelist's expert interpretation of the evidence, based on the available data,
regarding the appropriateness of an imaging or therapeutic procedure for a specific clinical scenario. American College of Radiology (ACR) staff
distribute surveys to the panelists along with the evidence table and narrative. Each panelist interprets the available evidence and rates each
procedure. The surveys are completed by panelists without consulting other panelists. The appropriateness rating scale is an ordinal scale that uses
integers from 1 to 9 grouped into three categories: 1, 2, or 3 are in the category "usually not appropriate"; 4, 5, or 6 are in the category "may be
appropriate"; and 7, 8, or 9 are in the category "usually appropriate." Each panel member assigns one rating for each procedure for a clinical
scenario. The ratings assigned by each panel member are presented in a table displaying the frequency distribution of the ratings without identifying
which members provided any particular rating.

If consensus is reached, the median rating is assigned as the panel's final recommendation/rating. Consensus is defined as eighty percent (80%)
agreement within a rating category. A maximum of three rounds may be conducted to reach consensus. Consensus among the panel members must
be achieved to determine the final rating for each procedure.

If consensus is not reached, the panel is convened by conference call. The strengths and weaknesses of each imaging procedure that has not
reached consensus are discussed and a final rating is proposed. If the panelists on the call agree, the rating is proposed as the panel's consensus.
The document is circulated to all the panelists to make the final determination. If consensus cannot be reached on the call or when the document is
circulated, "No consensus" appears in the rating column and the reasons for this decision are added to the comment sections.

This modified Delphi method enables each panelist to express individual interpretations of the evidence and his or her expert opinion without
excessive influence from fellow panelists in a simple, standardized and economical process. A more detailed explanation of the complete process



can be found in additional methodology documents found on the ACR Web site  (see also the "Availability of Companion
Documents" field).

Rating Scheme for the Strength of the Recommendations
Not applicable

Cost Analysis
A formal cost analysis was not performed and published cost analyses were not reviewed.

Method of Guideline Validation
Internal Peer Review

Description of Method of Guideline Validation
Criteria developed by the Expert Panels are reviewed by the American College of Radiology (ACR) Committee on Appropriateness Criteria.

Evidence Supporting the Recommendations

Type of Evidence Supporting the Recommendations
The recommendations are based on analysis of the current literature and expert panel consensus.

Benefits/Harms of Implementing the Guideline Recommendations

Potential Benefits
Selection of appropriate procedures for delivery of high-dose-rate brachytherapy for prostate cancer

Potential Harms
High-dose-rate (HDR) brachytherapy is associated with acute and late toxicities including genitourinary and gastrointestinal toxicity.
Patients with locally-recurrent prostate cancer following radiotherapy represent a special clinical challenge. Salvage surgery in this setting is
generally considered technically challenging and has a significant risk of toxicities, including urinary incontinence (0%–100%), strictures
(0%–48%), and rectal injury (0%–19%).
Alternative local salvage therapies, such as cryotherapy and high-intensity focused ultrasound, carry a significant risk of toxicities, including
urinary incontinence (4.4%–73%), urinary retention (0%–67%), and fistula (0%–3%).
In a series with longer follow-ups after low-dose rate brachytherapy, a 5-year biochemical control rate of 34% to 64.5% and grade 3+
toxicity of 0% to 47% was reported. Investigators also performed HDR salvage brachytherapy in 21 consecutive patients treated with 36
Gy in 6 fractions using 2 implants. With a median follow-up of 18.7 months, the biochemical control rate was 89% with 14% grade 3
toxicity.

Qualifying Statements
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Qualifying Statements
The American College of Radiology (ACR) Committee on Appropriateness Criteria and its expert panels have developed criteria for determining
appropriate imaging examinations for diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists,
radiation oncologists, and referring physicians in making decisions regarding radiologic imaging and treatment. Generally, the complexity and
severity of a patient's clinical condition should dictate the selection of appropriate imaging procedures or treatments. Only those examinations
generally used for evaluation of the patient's condition are ranked. Other imaging studies necessary to evaluate other co-existent diseases or other
medical consequences of this condition are not considered in this document. The availability of equipment or personnel may influence the selection
of appropriate imaging procedures or treatments. Imaging techniques classified as investigational by the U.S. Food and Drug Administration (FDA)
have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged. The ultimate
decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician and radiologist
in light of all the circumstances presented in an individual examination.

Implementation of the Guideline

Description of Implementation Strategy
An implementation strategy was not provided.

Institute of Medicine (IOM) National Healthcare Quality Report
Categories

IOM Care Need
Getting Better

Living with Illness

IOM Domain
Effectiveness
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Patient Resources
None available

NGC Status
This NGC summary was completed by ECRI Institute on March 12, 2014.

Copyright Statement
Instructions for downloading, use, and reproduction of the American College of Radiology (ACR) Appropriateness Criteria® may be found on the
ACR Web site .

Disclaimer

NGC Disclaimer
The National Guideline Clearinghouseâ„¢ (NGC) does not develop, produce, approve, or endorse the guidelines represented on this site.

All guidelines summarized by NGC and hosted on our site are produced under the auspices of medical specialty societies, relevant professional
associations, public or private organizations, other government agencies, health care organizations or plans, and similar entities.

Guidelines represented on the NGC Web site are submitted by guideline developers, and are screened solely to determine that they meet the NGC
Inclusion Criteria.

NGC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or clinical efficacy or effectiveness of the clinical
practice guidelines and related materials represented on this site. Moreover, the views and opinions of developers or authors of guidelines
represented on this site do not necessarily state or reflect those of NGC, AHRQ, or its contractor ECRI Institute, and inclusion or hosting of
guidelines in NGC may not be used for advertising or commercial endorsement purposes.

Readers with questions regarding guideline content are directed to contact the guideline developer.
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